We examined whether gastrointestinal (GI) symptoms were associated with sleep disturbances in a communitybased sample of 337 school-aged children from Ypsilanti, Michigan. Parents completed the sleep-related breathing disorder scale of the Pediatric Sleep Questionnaire and the Conners' parents rating scale, which included questions concerning GI symptoms. One fifth of the children screened positive for sleep-disordered breathing; the same fraction had sleepiness, and one-quarter snored more than half the time. Similarly, one quarter of children had 2 or more GI symptoms. Children with positive sleep-disordered breathing scores were 2.22 times as likely to have 2 or more GI symptoms in the past month after confounder adjustment (95% confidence interval = 1.39-3.55). In particular, this relationship appeared to be driven by daytime sleepiness, as children with sleepiness had about a 2-fold higher prevalence of 2 or more GI symptoms (adjusted prevalence ratio = 1.96, 95% confidence interval = 1.18-3.26). Neither snoring nor sleep duration were associated with GI symptoms.
Introduction
Sleep disturbances are prevalent among school-aged children in the United States and worldwide 1 ; over the course of childhood, a quarter of children experience at least one sleep disturbance. 2 In particular, sleep disordered breathing (SDB) and short sleep duration are common in pediatric populations; the former is characterized by complete or partial obstruction of the airway, habitual snoring, subsequent awakenings during sleep, and daytime sleepiness. 3 Sleep disturbances have been linked to adverse health outcomes in school-aged children such as metabolic disorder and cardiovascular morbidity, in addition to a negative impact on mood, emotional wellbeing, behavior, and academic performance. 4 Similarly, gastrointestinal (GI) symptoms are frequently reported in school-aged children, specifically abdominal pain, nausea/vomiting, and constipation or diarrhea. In a prospective study among third-through eighth-grade US children, 38% reported weekly abdominal pain. 5 An international sample from adolescents from 11 different countries reported that half experienced stomachaches at least monthly in the previous 6 months. 6 An association between sleep disturbance and GI symptoms has been observed among children with autism spectrum disorder, 7 but rarely examined in general pediatric populations. Three studies, of which one was US-based, examined specific sleep disturbances, such as obstructive sleep apnea, insomnia, and poor sleep quality, and reported associations with one of the following GI disorders: gastroesophageal reflux disease irritable bowel syndrome 8 and GI regurgitation. 9 A broader examination that includes other common sleep disturbances and GI symptoms is lacking. To fill this gap, we sought to examine whether GI symptoms were associated with sleep duration, SDB, and its subscales snoring and daytime sleepiness in a US communitybased sample of elementary school-aged children. 
Methods

Study Population
A community-based sample of elementary school-aged children from Ypsilanti, Michigan, participated in this 2006 cross-sectional study. A detailed description of the study design has been previously reported. 10 Briefly, parents of children in grades 2 through 5 of the Ypsilanti Public School System were mailed a letter describing the study, a consent form, and a survey about their children's sleep and behavior. Consent forms and questionnaires were completed by parents of 341 children (28% response rate). In addition, teachers completed the behavior rating scale for each participant. Families received a $20 gift card and teachers received a $10 book token for participation. The study was approved by the institutional review board at the University of Michigan and the School Board.
Sleep Measures
Sleep Duration and Sleep-Related Breathing Disorder Survey. Sleep duration was calculated based on parent-reported typical bedtime and wake time of their child during weekdays. Age-based sleep duration recommendations from the National Sleep Foundation and the American Academy of Sleep Medicine 11, 12 were used to classify children to sufficient (<9 hours) and insufficient sleep (<9 hours) groups. Sleep-disordered breathing symptoms were assessed with the validated sleep-related breathing disorder (SRBD) scale of the Pediatric Sleep Questionnaire. 13 This scale contains 22 items about snoring, sleepiness, and inattentive/hyperactive behaviors. The possible responses are "yes," "no," or "don't know." The number of affirmative responses is summed, and responding yes to 33% or more of the reported items indicated a positive screen for risk of pediatric SDB. To further examine the individual association of the SDB subscales-snoring and sleepiness-with GI symptoms, we analyzed these separately, as described below.
Snoring Subscale. This subscale is composed of the following 4 questions: When sleeping, does your child (1) Snore more than half the time? (2) Always snore? (3) Snore loudly? (4) Have "heavy" or loud breathing? We calculated the proportion of affirmative responses out of the total number of responses and first analyzed snoring as a continuous score, and then examined snoring characteristics, that is, frequency and intensity through questions 1 and 3 separately.
Sleepiness Subscale. This subscale included the following 4 questions: Does your child (1) Wake up feeling unrefreshed in the morning? (2) Have a problem with sleepiness during the day? (3) Has a teacher or other supervisor commented that your child appears sleepy during the day? (4) Is it hard to wake your child up in the morning? Similar to the snoring subscale, we calculated the proportion of positive responses and first analyzed as a continuous score, and then examined daytime sleepiness as reported by parents or teachers in questions 2 and 3 separately.
GI Symptoms
Conners' Parents Rating. The Conners' parent rating is a validated scale clinically used to identify behavioral problems in children aged 3 to 17 years.
14 Each question is rated on a Likert-type scale where 0 = not true at all, 1 = just a little, 2 = pretty much, and 3 = very much. This scale includes 6 domains: conduct problems, learning problems, psychosomatic, impulsive-hyperactive, anxiety, and hyperactivity index. For each domain, a t score, ranging from 0 to 100, is calculated for age and sex norms, with a mean t score of 50 and standard deviation (SD) of 10. A threshold of ≥60 (at least one SD) was used to classify children with anxiety.
The psychosomatic domain included 4 questions on GI symptoms. Specifically, parents were asked how often in the last month children were bothered by (1) problems with eating (ie, poor appetite and getting up between bites), (2) stomach aches, (3) vomiting or nausea, and (4) bowel problems (ie, frequently loose, irregular habits, and constipation). For each symptom, a child with a reported response of ≥1 on the Likert-type scale was classified as having GI symptoms. Because these symptoms naturally cluster, we created a composite score of 2 or more to identify children with GI symptoms.
Covariates
Sociodemographic and health data including information on the child's sex, age, race/ethnicity, medication use, height, weight, and qualification for school lunch assistance (a proxy for socioeconomic status) were reported by parents. These variables were categorized as shown in Table 1 . We calculated body mass index (BMI; kg/m 2 ) and height-for-age z scores according to the Center for Disease Control and Prevention reference. 15 
Statistical Analysis
Of the 341 children whose parents returned the initial questionnaire, 337 completed the SRBD scale and the Conners' survey questions and thus were included in the analytic sample. We first examined associations of sleep measures or GI symptoms by categories of anthropometric and sociodemographic correlates. We then used Poisson regression with a log link and robust error variance to calculate prevalence ratios and 95% confidence intervals (CIs), where presence of at least 2 GI symptoms was the dichotomous outcome with sleep measures as predictors. In adjusted analyses, we controlled for potential confounders determined a priori: sex, age, enrollment in school lunch program, medication use, and anxiety. To address missingness of weight and height values, we conducted sensitivity analyses where we imputed (10 times) the missing BMI-and heightfor-age z scores using a Markov Chain Monte Carlo technique with the Proc MI procedures of SAS. We used Proc MIANALYZE to combine parameter estimates. Except for these sensitivity analyses, all analyses were performed in Stata 13.1.
Results
The mean age of the children was 9.0 (SD = 1.3) years, and about half of the sample (49%) were males. The average weekday sleep duration ± SD was 9.9 (SD = 0.9) hours. Sleep duration was inversely associated with age category. One fifth of the children screened positive for SDB and a similar proportion had parent-reported sleepiness, while one quarter snored more than half the time.
Children at risk of SDB had higher BMI-for-age z scores, were more likely to be enrolled in the school lunch program, to have anxiety t scores ≥60, or to be on some type of medication (Table 1) . Of children with medication use, 46% used allergy or asthma medications; 28% used stimulants; 8% used depression, anxiety, or mood stabilizing drugs; 6% used drugs for dermatologic issues; 6% used sleep medications; and 18% used another type of drug. Sleepiness and snoring subscales were positively associated with BMI-for-age z scores, enrollment in school lunch program, medication use, and anxiety t scores. Similarly, GI symptoms were common in this sample, with one quarter of children having trouble with eating, about a third having stomachaches, one tenth having nausea/vomiting, and one fifth having bowel problems. In general, one quarter of children had 2 or more of these GI symptoms in the past month ( Figure 1) ; within this group, the most common complaint in this group of children was stomachaches, followed by eating problems, bowel problems, and nausea/vomiting, respectively (Supplementary Figure; available in the online version of the article). Children using medication and who had anxiety t scores ≥60 were more likely to have had 2 or more GI symptoms in the past month (Table 2) .
SDB was related to parent-reported GI symptoms (Table 3) . Children who screened positive for SDB were 2.53 times as likely to have 2 or more GI symptoms in the past month as those without SDB (95% CI = 1.63-3.94; P < .01). The association remained after adjustment for sex, age, enrollment in the school lunch program, medication use, and anxiety t scores ≥60 (prevalence ratio = 2.22, 95% CI = 1.39-3.55; P < .01).
Within the SDB subscales-sleepiness and snoring-only sleepiness was associated with GI symptoms, such that children with parent-reported daytime sleepiness had a 1.96 times higher adjusted prevalence of having 2 or more GI symptoms (95% CI = 1.18-3.26; P < .01) than those without daytime sleepiness. Similarly, children with teacher-rated sleepiness (yes/no) had a 2.17 times higher prevalence of GI symptoms after adjustment for sex, age, enrollment in the school lunch program, medication use, and anxiety t scores ≥60 (95% CI = 1.28-3.67; P < .01).
Neither sleep duration nor snoring characteristics including frequency and intensity were related to prevalence of GI symptoms. Finally, the sensitivity analyses for missingness in BMI-and height-for-age z scores did not substantially differ from the complete-case analysis and were not included in the tables. 
Discussion
In this community-based sample of urban elementary school children, a significant proportion-about a half-had at least one GI symptom, a fifth had daytime sleepiness or screened positive for SDB, and SDB symptoms were associated with a 2-fold higher prevalence of GI symptoms. In particular, the observed association was driven by daytime sleepiness rather than presence of snoring. The significant overlap between sleep disturbances and GI symptoms should raise awareness of pediatric clinicians and parents alike when encountering children with either of these problems and may guide their approach to evaluation and treatment.
The finding that daytime sleepiness, but not snoring, was associated with GI symptoms carries implications for a much wider pediatric population. Sleepiness, which is the opposite of alertness, or an increased tendency to fall asleep during the day, was observed in 19% of our sample and confirms previous prevalence reports in school-aged children. 16 Daytime sleepiness usually indicates either short sleep duration or poor quality of sleep (or both) during the nightly sleep period, and may be in part attributed to poor sleep hygiene practices such as consumption of caffeinated beverages or use of electronic media before bedtime. 17 In school-aged children, sleepiness has negative consequences for behavior and mood, cognition, attention, and concentration, which in turn, limits performance in school and other social settings. 4 The GI symptoms examined in this study-stomachaches, vomiting and nausea, trouble with eating, and bowel problems-are common among school-aged children. Indeed, in a sample of US elementary and middle school students the prevalence of abdominal pain was 38%, 5 and a systematic review that incorporated pediatric data from 11 countries reported a prevalence of childhood constipation in up to 30% of children. 18 High prevalence of GI complaints in school-aged children is a public health concern with demonstrated negative impact on school attendance, 19 health-related quality of life, 20 and future GI symptoms and anxiety disorders. 21 Furthermore, the predictors of GI symptoms in this age group remain poorly understood, 22 making treatment and prevention difficult.
Our findings on the association between sleep disturbances and GI symptoms corroborate but also extend previous reports that were limited to children with autism spectrum disorder or to a single sleep disturbance and a single GI disorder. For example, a link between obstructive sleep apnea and gastroesophageal reflux disease has been observed in a small sample of Polish children aged 2 to 16 years. 8 Furthermore, in a Chinese sample of adolescents, those with poor sleep were almost twice as likely to have irritable bowel syndrome as those with adequate sleep. 23 Short sleep duration (<7 hours) has been associated with constipation in Hong Kong elementary school children, 24 and one US study linked insomnia with gastric regurgitation. 9 Nonetheless, our community-based study associates multiple common sleep disturbances with several prevalent GI symptoms, thus allowing generalizability of these findings on a much broader scale. In contrast to the prior literature, we found that sleep duration was not associated with prevalence of GI symptoms. This discrepancy may be attributed to measurement error of average bedtimes and wake times. Mechanistic pathways linking sleep disturbances and GI symptoms are plausibly bidirectional. The pathway from sleep disturbances to GI symptoms is supported by the finding that sleep disturbances are associated with weakened immunity, 25 which leads to higher chance of infections and GI symptoms. Research among adult shift workers also adds insight, as circadian rhythm disturbances in a Michigan sample of nurses with rotating shifts have been associated with a higher prevalence of abdominal pain and irritable bowel syndrome. 26 Finally, although not necessarily specific to GI-related pain, one longitudinal study among US adolescents found that lower quality of sleep predicted pain (including abdominal pain) the next day. 27 In contrast, GI symptoms at bedtime or during the night could lead to sleep disturbances. 28 Further examination in longitudinal studies is warranted to disentangle the directions. It is particularly relevant to ascertain whether improvements in sleepiness of school-aged children may alleviate the burden of common GI symptoms. This study has several strengths; first, we used a community-based sample that allows generalizability of the findings to a broader pediatric population; second, we used validated questionnaires for assessing SDB and behavior; and finally, we accounted for salient potential confounders including anxiety and medication use. However, this study is not without limitations; first, the cross-sectional design precludes evaluation of the temporality between sleep and GI symptoms. Second, the assessment of GI symptoms was ascertained from the Conners' scale, and not according to GI-specific Rome III criteria. Finally, the 28% response rate, although similar or better than other urban community-based samples, 29 may introduce selection bias. However, to examine the potential for selection bias, we compared the distribution of race/ethnicity in our sample with Ypsilanti Census statistics at the time of the survey. 30 While we found higher proportions of Caucasians and children with lower socioeconomic status compared with the Ypsilanti Census, these characteristics were not associated with GI symptoms, suggesting these response patterns did not bias the estimates.
In summary, the observed association of sleepiness and GI problems highlight the co-occurrence of 2 common childhood complaints and may prove useful to clinicians and parents to identify children with multiple problems that can then be treated or managed. Children who display frequent GI symptoms should also be asked about their sleep hygiene and daytime sleepiness, and vice versa. As predictors of common GI problems in children remain poorly understood, our findings motivate further inquiries into the potential role of sleep disturbances and the directionality of the association.
